Introduction {#s1}
============

The prevalence of overweight and obesity is rapidly increasing worldwide and may be associated with metabolic syndrome and diabetes^[@r1])^. Obesity occurs less frequently in the Japanese compared with western ethnic populations^[@r2],[@r3])^. While the prevalence of obesity with a BMI over 30 in the Japanese is currently estimated to be 2--3% and 25% of the population are overweight, recent social and lifestyle changes in Japan have caused an increase in the prevalence of obesity and diabetes^[@r4])^.

This has drawn the attention of health policy makers, who wish to develop public health strategies for preventing overweight and obesity^[@r5],[@r6])^. The combination of overeating and physiological inactivity is the major cause of overweight and obesity. Lifestyle modification produces long-term beneficial changes in diet and levels of physical activity and reduces obesity and diabetes^[@r7])^. We previously developed a multicomponent three-month weight loss program covering nutrition, physical activity and supportive group therapy^[@r8])^. The objectives of the intervention were a 5% weight loss through lifestyle modification and improvement of biochemical parameters. Our intervention induced significant decreases in energy intake and an increase in the physical activities of the participants, with the weight loss showing a significant association with the improvement in metabolic measurements^[@r8])^. However, there were a number of participants who failed to complete or maintain the modified behavior producing the weight loss^[@r9])^.

Significant factors commonly reported to be associated with weight loss have included extreme obesity, a history of repeated attempts, cardiovascular disease risk factors, female gender, level of education, self-efficacy, physical self-image, income, employment and marital status^[@r10],\ [@r11],\ [@r12],\ [@r13])^. We identified body weight at the baseline as a predictor of success in weight loss effects^[@r8])^. The prevalence of overweight and obesity is increasing rapidly in middle-aged Japanese men, and working conditions affect overweight and obesity^[@r14])^. However, weight loss intervention programs for men and employees have so far received little attention.

We conducted an investigation to assess predictors, such as gender and employment situation, of weight loss and lifestyle modification in a behavioral intervention study and to identify the hallmarks of successful weight loss intervention. There have been only a limited number of studies of these factors and their relationship that have successfully determined any association, and the research methodologies have varied substantially. The strengths of our investigation were a comprehensive and quantitative evaluation of energy balance including energy intake and expenditure and a community setting including employed and unemployed participants.

Subjects and Methods {#s2}
====================

Subjects
--------

A total of 384 clinically healthy participants (age, 55.8 ± 8.6 y; BMI, 25.1 ± 3.1 kg/m^2^) in Izumo City, Shimane Prefecture, Japan, who were interested in overweight and obesity prevention, voluntarily participated in our behavioral program for obesity prevention from 2000 to 2006. They were recruited through an advertisement in a local newspaper and demonstrated no clinical symptoms. The ethics committee of Shimane University School of Medicine approved all study protocols in 2000, and all subjects gave written informed consent.

The subjects participated in a behavioral weight loss program for three months involving diet, exercise and supportive group therapy. The program was based on becoming informed and learning about a participant's health risks related to obesity, healthy life skills, setting specific behavioral goals, modifying behavior determinants and reinforcing desired behavior. This approach began with a health check to determine each subject's situation regarding obesity and to prescribe medications for obesity-associated diseases, such as CVD, diabetes, dyslipidemia or hypertension. The following percentages of subjects were administered drugs at the baseline: 18% for hypertension, 11% for dyslipidemia, 4% for gout and 2% for ischemic heart disease or diabetes. Participants were recommended to continue taking medicine during the intervention according to their physician's instructions. Participants' demographic factors and lifestyle information were obtained using a self-reported questionnaire. The next step was to provide each subject with intensive, professional, individual information by which to improve their unhealthy lifestyle, i.e., overeating and insufficient physiological activity, and to assist with the self-monitoring ability of each subject, i.e., weekly checking of weight, daily estimations of caloric intake and monitoring physical activity. Participants established their specific behavioral and anthropometric goals, as related to their individual lifestyle and measured physiological data. During the 3-month program, participants were encouraged to maintain a daily record of their goal-oriented efforts^[@r15])^, including a step count using a pedometer (HJ-002, Omron Co. Ltd, Tokyo, Japan), and to record their body weight once a week. Weekend group programs provided support through local contacts and meetings with specialists to reaffirm their efforts and belief that they could personally control their health condition and environment^[@r8])^.

Anthropometric measurements
---------------------------

Anthropometric evaluation was performed before and after the intervention. After an overnight fast, body weight was measured to an accuracy of ± 0.1 kg with a standard scale while dressed in only very light clothing, and height was measured to an accuracy of ± 0.1 cm using a stadiometer. Waist circumference (WC) was measured at the midline between the iliac crest and the lowest rib margin at minimum respiration. Measurement was repeated for WC, and a third measurement was made if the difference between the first two readings was more than 0.5 cm. Body mass index (BMI) was computed as weight (kg) divided by squared height (m^2^).

Resting energy expenditure (REE) was measured by an indirect calorimeter after a 12-hour overnight fast. After a 15-min resting period, expired gas collection was achieved through a mouthpiece covering the nose for 3 minutes during the entire sampling period. Oxygen concentration was determined by nondispersive infrared analysis (VMB-002N, VINE Inc., Tokyo, Japan). The calculated energy equivalent of oxygen was 4.825 kcal/l^[@r16])^.

Diet
----

Information on the participant's daily diet was obtained using an established self-administered quantitative food frequency questionnaire^[@r17])^ before and after the behavioral intervention. Trained nutritionists asked each participant about their weekly frequency of food intake for the most recent month. The questionnaire investigated the average intake and frequency of intake for one month regarding "the 30 kinds of food groups," which included soup, meat, seafood, vegetables, grains, potato, egg, beans including tofu, fruits, milk, cheese, deserts, snacks, pickles, seasonings and alcohol, as established by the Working Committee for Health Guideline of the Japanese Ministry of Health and Welfare for Japanese people. The average intake at one meal was confirmed by showing examples of food models or photographs. Average daily nutrient intake (kcal/day) for the most recent month was calculated using standard food composition tables for Japan^[@r18])^. Prior to the start of the intervention program, each participant was provided with dietary advice regarding changes to improve their eating habits and caloric intake.

Physical activity
-----------------

Habitual physical activity was assessed before and after the intervention using a questionnaire, which was subdivided into physical activity, including walking and other physical activity (exercise) during leisure time. Participants counted the number of steps they took using a pedometer for one week before the intervention and during the program. We calculated the total daily energy expenditure (kcal/day) for REE and physical activity. Physical activity calorie expenditure was calculated as follows: body weight (kg)×metabolic equivalent (Met)×time (h). Defining Met for sitting/resting as 1, for example, that of normal walking is 3. We evaluated Met as an index for intensity of physical activity according to the Exercise and Physical Activity Guide^[@r19])^. Prior to the start of the intervention program, all participant received advice regarding changes to improve their physical activity.

Statistical analyses
--------------------

We evaluated lifestyle modification as an energy balance per day by calculating the energy intake and expenditure of participants. Participants were divided into an employed group and an unemployed group, the latter of which included housewives, farmers and self-employed persons. Analysis of data was done with SPSS statistical analysis software (Version 17.0J, SPSS Japan Inc., Tokyo, Japan). Results are expressed as mean ± S.D. Comparisons between gender and employment situation were performed by the Student's *t*-test to assess the differences in anthropometric parameters and energy balance. To evaluate whether gender or employment situation had affected values in the intervention, we used a paired Student's *t*-test. An χ^2^ test was used for frequency of dropout by gender or employment situation. Multiple linear regression analysis was done to investigate whether weight loss was independently related to gender, employment situation or energy balance. A nominal two-sided *P* value of less than 0.05 was used to assess significance.

Results {#s3}
=======

Characteristics of dropout group in behavioral intervention
-----------------------------------------------------------

###### Characteristics of all participants in behavioral intervention

                                       Men           Women                                            
  ------------------------------------ ------------- ------------- ------- ------------ ------------- -------
  Number                               91            11                    267          15            
  Age (years)                          56.2 ± 9.5    49.6 ± 10.9   0.031   56.3 ± 8.0   49.3 ± 8.7    0.001
                                                                                                      
  Purpose of participation                                                                            
  Weight loss                          81.3%         81.8%         NS      83.9%        80.0%         NS
  Improvement of metabolic disorders   15.4%         18.2%                 15.4%        13.3%         
  Others                               3.3%          9.1%                  0.7%         6.7%          
                                                                                                      
  Body weight (kg)                     72.9 ± 10.7   68.5 ± 8.8    NS      59.0 ± 8.3   63.3 ± 7.7    NS
  BMI (kg/m^2^)                        26.0 ± 3.2    24.3 ± 2.0    NS      24.7 ± 3.0   26.5 ± 3.3    0.032
  Waist circumference (cm)             89.7 ± 8.7    83.7 ± 6.0    0.003   79.6 ± 9.6   81.6 ± 10.0   NS
                                                                                                      
  Energy intake (kcal)                 2278 ± 497    2453 ± 665    NS      1946 ± 392   1809 ± 425    NS
  Energy expenditure (kcal)            2373 ± 620    2120 ± 687    NS      1831 ± 426   1888 ± 410    NS
                                                                                                      
  Employed                             59            10            NS      105          11            0.009
  Unemployed                           32            1                     162          4             

Data are expressed as means ± standard deviation. The difference between completing subjects and dropouts were tested by either the χ^2^ test or Student's *t*-test. NS: nonsignificant (P≥0.05).

The characteristics of the participants in the behavioral intervention are shown in [Table 1](#tbl_001){ref-type="table"}. In total, 102 men and 282 women participated in the interventional program, with 11 men (10.8%) and 15 women (5.3%) dropping out. This dropout group was significantly younger for both genders, with a higher rate of employment for the women than for the completing group. There was no significant difference in dropout rate by gender. Compared with the continuing group, the dropout women were significantly heavier and the men had significantly larger WCs, but there were no significant differences in intake and expenditure of energy in either gender.

Characteristics of the completing group at the baseline
-------------------------------------------------------

###### Baseline data and results of to behavioral intervention of the completing group

                                         Baseline      Results at three months                                                 
  -------------------------------------- ------------- ------------------------- --------- ----------------- ----------------- ---------
  Number                                 91            267                                 91                267               
  Age (years)                            56.2 ± 9.5    56.3 ± 8.0                NS                                            
                                                                                                                               
  Body weight (kg)                       72.9 ± 10.7   59.0 ± 8.3                \<0.001   --1.9 ± 2.1\*     --1.6 ± 2.0\*     NS
  BMI (kg/m^2^)                          26.0 ± 3.2    24.7 ± 3.0                0.001     --0.68 ± 0.73\*   --0.66 ± 0.85\*   NS
  Waist circumference (cm)               89.7 ± 8.7    79.6 ± 9.6                \<0.001   --2.4 ± 3.2\*     --2.3 ± 3.1\*     NS
                                                                                                                               
  Energy intake (kcal)                   2278 ± 497    1946 ± 392                \<0.001   --386 ± 404\*     --259 ± 365\*     0.006
  Energy intake (kcal/bw)                32 ± 7        33 ± 8                    NS        --5 ± 6\*         --4 ± 6\*         NS
  Protein (g)                            76 ± 19       70 ± 17                   0.002     --8 ± 15\*        --5 ± 16\*        NS
  Lipid (g/day)                          59 ± 21       57 ± 18                   NS        --13 ± 18\*       --10 ± 17\*       NS
  Carbohydrate(g)                        308 ± 88      283 ± 66                  0.005     --46 ± 65\*       --33 ± 61\*       NS
  Alcohol (kcal)                         218 ± 205     30 ± 51                   \<0.001   --53 ± 137\*      --13 ± 36\*       \<0.001
  Energy expenditure (kcal)              2373 ± 620    1831 ± 426                \<0.001   176 ± 142\*       127 ± 102\*       \<0.001
  Energy expenditure (kcal/bw)           33 ± 9        31 ± 7                    NS        3 ± 3\*           3 ± 2             NS
  Walking (kcal)                         --            --                        --        120 ± 86\*        101 ± 82\*        NS
  Exercise without walking (kcal)        --            --                        --        60 ± 95\*         26 ± 56\*         \<0.001
  Resting energy expenditure (kcal)      1849 ± 416    1387 ± 311                \<0.001   --51 ± 361\*      43 ± 287          0.017
  Resting energy expenditure (kcal/bw)   26 ± 6        24 ± 5                    0.002     --0.0 ± 5.1       1.5 ± 4.9         0.019
  Energy balance (kcal)                  --            --                        --        --562 ± 402       --386 ± 398       \<0.001
  Energy balance (kcal/bw)               --            --                        --        --8 ± 6           --7 ± 7           NS

Data are expressed as means ± standard deviation. \*The difference by intervention was tested by the paired Student's *t*-test. The difference between men and women was tested by the Student's *t*-test. NS: nonsignificant (P≥0.05).

Characteristics of the completing group in the behavioral intervention at baseline are shown in [Table 2](#tbl_002){ref-type="table"}. Men and women were of the same average age (56 y), but showed a significant difference for overweight (BMI: 26.0 kg/m^2^ in men; 24.7 kg/m^2^ in women) and visceral obesity (WC: 89.7 cm in men; 79.6 cm in women).

Men had significantly higher intakes and expenditures of energy compared with women, but there were no such significant differences when expressed relative to body weight at baseline. For the intake of major nutrients, men took in more protein, carbohydrates and alcohol than women, but intake of lipid showed no significant difference by gender. Physical activity during leisure time mainly consisted of walking.

Response by gender to behavioral intervention
---------------------------------------------

Response to the behavioral intervention by gender is shown in [Table 2](#tbl_002){ref-type="table"}. The intervention resulted in a significant reduction in body weight (1.9 kg in men, 1.6 kg in women) and BMI (0.68 kg/m^2^ in men and 0.66 kg/m^2^ in women). There was no significant difference in weight, BMI or WC (2.4 cm in men and 2.3 cm in women) by gender. Seventy-six men (83.5%) and 209 women (78.3%) reduced their body weight; the range of changes in body weight was from 2.2 kg to --11.2 kg.

Daily food intakes were significantly reduced in terms of energy (men --17%; women --13%), protein (men --11%; women --7%), fat (men --22%; women --18%), carbohydrates (men --15%; women --12%) and alcohol (men --24%; women --43%) following intervention. Intervention induced significant decreases in intake of energy (386 kcal in men and 259 kcal in women) and alcohol (53 kcal and 13 kcal), but the change in intake of protein, lipid and carbohydrate was not significant by gender before and after intervention, respectively.

![Relationship between weight loss and change in energy balance by gender.](jrm-7-025-g001){#fig_001}

###### Standard regression coefficients (b) for weight-loss (kg)/body weight (kg) at the baseline using multiple regression analysis

            Independent variables          R^2^   F   β         *P*
  --------- ------------------------------ ------ --- --------- ---------
  Model 1   0.281                          46.2       \<0.001   
            Gender                                    --0.012   NS
            Employment pattern                        0.097     0.036
            Changes in energy balance/bw              0.518     \<0.001
                                                                
  Model 2   0.284                          46.7       \<0.001   
            Gender                                    --0.033   NS
            Age                                       --0.107   0.018
            Changes in energy balance/bw              0.518     \<0.001
                                                                
  Model 3   0.286                          35.3       \<0.001   
            Gender                                    --0.021   NS
            Age                                       --0.079   NS
            Employment pattern                        0.056     NS
            Changes in energy balance/bw              0.516     \<0.001

Multiple linear regression analysis was conducted to investigate whether weight loss was independently related to gender, employment situation or energy balance. NS: nonsignificant (P≥0.05).

Habitual physical activity significantly increased (walking and exercise: 120 and 60 kcal in men and 101 and 26 kcal in women, respectively) after intervention compared with the baseline. Increases in energy expenditure from walking by gender were not significant, but those from exercise in men compared with women before and after intervention were significant.

Energy balance significantly decreased in men (562 kcal) compared with in women (386 kcal), with no significant difference in energy balance by gender. The relationship between weight loss and energy balance is shown in [Figure 1](#fig_001){ref-type="fig"}, which expresses values adjusted for body weight at the baseline for gender comparisons. A positive correlation between weight loss and energy balance was observed in both the men and women. Furthermore, adjusted R^2^ values (0.236 in men and 0.286 in women) between weight loss and changes in energy balance were significant, but the relationship between weight loss and changes in energy balance by gender was not significant according to multiple regression analysis ([Table 3](#tbl_003){ref-type="table"}).

Response by employment status to behavioral intervention
--------------------------------------------------------

###### Baseline data and response to behavioral intervention by employment pattern

                             Men                                  Women                                                                     
  -------------------------- ------------------------------------ --------------- --------------- --------- --------------- --------------- ---------
  Number                                                          32              59                        162             105             
  Age (years)                                                     64.5 ± 4.4      51.8 ± 8.5      \<0.001   59.1 ± 6.9      51.8 ± 7.6      \<0.001
  Purpose of participation                                                                                                                  
                             Weight-loss                          78.1%           83.1%           NS        84.6%           82.9%           NS
                             Improvement of metabolic disorders   18.8%           13.6%                     14.8%           16.2%           
                             Others                               3.1%            3.4%                      0.6%            1.0%            
                                                                                                                                            
  Baseline                   Body weight (kg)                     70.1 ± 8.7      74.5 ± 11.3     NS        59.5 ± 8.5      58.4 ± 7.9      NS
                             BMI (kg/m^2^)                        25.4 ± 2.4      26.3 ± 3.6      NS        25.3 ± 3.0      24.2 ± 3.0      0.016
                             Waist circumference (cm)             88.9 ± 6.9      90.1 ± 9.6      NS        81.2 ± 9.5      77.1 ± 9.3      0.001
                             Energy intake (kcal/bw)              2295 ± 587      2269 ± 446      NS        1936 ± 407      1962 ± 369      NS
                             Protein (g)                          77 ± 21         76 ± 18         NS        69 ± 18         71 ± 15         NS
                             Lipid (g/day)                        58 ± 26         60 ± 18         NS        55 ± 17         60 ± 19         0.026
                             Carbohydrate (g)                     323 ± 104       301 ± 77        NS        287 ± 71        278 ± 58        NS
                             Alcohol (kcal)                       189 ± 194       234 ± 210       NS        26 ± 47         36 ± 55         NS
                             Energy expenditure (kcal)            2367 ± 571      2376 ± 649      NS        1841 ± 426      1816 ± 428      NS
                                                                                                                                            
  Response                   Body weight (kg)                     --2.5 ± 1.7     --1.6 ± 2.2     0.038     --1.7 ± 2.0     --1.4 ± 1.9     NS
                             BMI (kg/m^2^)                        --0.92 ± 0.59   --0.55 ± 0.77   0.021     --0.71 ± 0.84   --0.57 ± 0.88   NS
                             Waist circumference (cm)             --3.4 ± 2.6     --1.9 ± 3.3     0.023     --2.5 ± 3.1     --2.0 ± 3.0     NS
                             Energy intake (kcal/bw)              --388 ± 508     --385 ± 340     NS        --252 ± 369     --270 ± 362     NS
                             Protein (g)                          --8 ± 17        --8 ± 14        NS        --5 ± 17        --6 ± 14        NS
                             Lipid (g/day)                        --13 ± 21       --13 ± 16       NS        --10 ± 16       --11 ± 18       NS
                             Carbohydrate (g)                     --48 ± 86       --45 ± 51       NS        --34 ± 63       --32 ± 56       NS
                             Alcohol (kcal)                       --50 ± 126      --55 ± 144      NS        --11 ± 35       --18 ± 36       NS
                             Energy expenditure (kcal)            246 ± 174       138 ± 104       \<0.001   142 ± 108       104 ± 87        0.002
                             Walking (kcal)                       145 ± 100       106 ± 74        0.040     110 ± 85        86 ± 75         0.018
                             Exercise except walking (kcal)       101 ± 130       31 ± 57         0.001     32 ± 63         18 ± 43         0.039
                             Energy balance (kcal)                --635 ± 458     --523 ± 368     NS        --394 ± 405     --374 ± 389     NS

Data are expressed as means ± standard deviation. \*The difference by intervention was tested by the paired Student's *t*-test. The difference between completing subjects and dropouts were tested by either the χ^2^ test or Student's *t*-test. NS: nonsignificant (P≥0.05).

The baseline data and response to the behavioral intervention by employment situation are shown in [Table 4](#tbl_004){ref-type="table"}. At the baseline, employed participants were significantly younger for both genders, with lower values for BMI and WC in women compared with the unemployed group. The employed group had no significant differences in intake and expenditure of energy compared with the unemployed group, but there were significant differences in intake of lipid between the women before and after intervention.

Intervention resulted in significant decreases in weight (1.6 kg in employed, 2.5 kg in unemployed) and WC (1.9 cm and 3.4 cm, respectively) in men. In women, body weight (1.4 kg in employed, 1.7 kg in unemployed) and WC (2.0 cm and 2.5 cm, respectively) decreased in the employed group, but neither were significant either before or after intervention.

There were significant increases in walking and exercise but no significant decrease in energy intake before or after intervention for both genders. The relationship between weight loss and changes in energy balance by employment status was independently significant according to multiple regression analysis ([Table 3](#tbl_003){ref-type="table"}).

Discussion {#s4}
==========

The present intervention for 3 months yielded a 3% reduction in body weight and WC at baseline. Weight loss was affected by decreases in intake of energy and increases in physical activities, as indicated by higher scores (0.518) of β of energy balance using multiple regression analysis. The National Heart, Lung and Blood Institute in the U.S.A. has recommended that the initial goal of weight loss therapy be the lowering of body weight by approximately 10 percent from baseline over a 6-month period^[@r20])^. Therefore, we recommended to our participants that they attempt to achieve a 5% weight loss over 3 months. Our results indicate some improvement in anthropometric and metabolic levels^[@r8],[@r9])^, however, we consider the results unsatisfactory insofar as the anthropometric parameters are concerned. This is principally because while physical activity was significantly increased during the program, participants failed to achieve the 5% weight reduction target. Therefore, we must consider additional factors in the search for more effective lifestyle modification and weight loss for future intervention programs.

Our intervention resulted in significantly smaller reductions in body weight and WC in the employed men and only slight decreases for employed women compared with the unemployed group. Difficulties in weight loss for the employed were associated with an inadequate increase in walking and exercise. The decrease in energy intake was similar for both the employed and unemployed. Multiple regression analysis confirmed that the relationship between weight loss and employment status was independent of changes in energy balance. The present study suggests that being an employee in Japan is associated with difficulty in losing weight due to limited exercise time in behavioral intervention.

Most studies reporting on unsuccessful weight loss in western countries have shown an association with unemployment and poor income, whereas our results demonstrated a link between employment and unsuccessful weight loss. This suggests that the Japanese employee is too busy with work-related duties to take time to engage in health-promoting activities, either in the workplace or at home^[@r21],[@r22])^. The demands of a greater workload may factor into the eating disorders and sedentary lifestyle of the Japanese worker^[@r14])^. In contrast, our unemployed group, which included housewives, farmers and the self-employed, had free time available in which to focus on physical exercise and activity.

It has also been reported that women have a greater ability to induce weight loss than men^[@r11],[@r12],[@r13])^. However, our results showed that gender was not an independent predictor for successful weight loss or completion of the intervention. Changes in weight and energy balance in men were greater than in women. Previous behavioral studies have shown initial body weight and extreme obesity to be significantly associated with subsequent weight loss^[@r8],[@r23])^. Furthermore, body weight was the major determinant of REE in obese subjects^[@r24])^. Therefore, we evaluated changes in weight and energy balance relative to body weight at baseline. Any significant differences in changes in energy balance by gender disappeared after adjustment for body weight. There were also no significant gender-related differences in weight loss or energy balance changes in the multiple regression analyses. Thus, although differences in weight loss by gender have been reported in many prior studies, the participant's employment situation was the more powerful factor in our case.

As for the participants who did not complete the intervention, this group was younger and had a higher rate of employment relative to the completing group. Dalle Grave *et al.*^[@r25])^ also reported that their dropouts were significantly younger than those completing the program. The fact that most younger participants work, together with the psychosocial factors of youth, likely affect the dropout rate during intervention^[@r26])^.

Japanese workers engaged in constant overtime work experience mental and physical stress due to the excessive workload and sleep deprivation^[@r22])^. The prevalence of overweight and obesity in the workplace is increasing rapidly in most countries due to the work environment. Therefore, overweight and obesity can be considered a work-related disease that needs to be controlled in the workplace^[@r5],[@r27])^. Japan's Ministry of Health, Labour and Welfare introduced a nationwide health screening and intervention program in April 2008 specifically targeting metabolic syndrome^[@r6])^, but only screening for visceral obesity and metabolic syndrome was implemented in 2008. Certain cost-effective strategies for preventing and controlling overweight and obesity in employees have been identified for worksite settings. However, job insecurity and stress have become widespread problems due to intensive global competition through the deregulation of labor. This has been shown to have a significant impact on health and a decreased level of social support for a growing number of workers^[@r28])^. As social support is essential to behavioral intervention, lifestyle modification programs should be established at the community level as well as in the workplace for more effective obesity prevention in the employee.

The findings of this study suggest that our short-term intervention methods could be improved to achieve greater success in weight loss and completion rates, particularly in regards to physical activities for employees. The addition of prescribed tailored exercise strategies during work and leisure time seems promising^[@r29])^. Booster interventions such as phone, mail or Internet contact may help to enhance the overall effectiveness of intervention^[@r30])^. Research is also needed into possible changes in the workplace environment, such as making stairs and public transportation more accessible. Initial self-efficacy and perceived barriers to physical activity have been shown to correlate with weight loss in a consistent manner across analyses^[@r10])^. We must also further investigate these motivational and psychosocial factors in employees.

Our approach in this study has some limitations. BMI values and weight loss of participants in our intervention were lower than those in Western countries, but BMI and WC were similar to those reported in several population-based investigations in Japan^[@r4],[@r31])^, in line with our results. Further, it is known that short-term results do not necessarily continue for the long term, and our study was a short-term 3-month weight loss program. However, as our method included developing each participant's greater awareness and autonomous improvement of behavior, this may result in a more enduring modification of behavior after completion of the program, as compared with a program incorporating strict compliance with rules and a complicated prescription of lifestyle modification. Finally, the present study done from 2000 to 2006, but there has since been significant change in the trend of occupation and obesity^[@r32])^.

In conclusion, being a Japanese employee in Japan is associated with difficulty in losing weight due to limited exercise time in the course of behavioral intervention. Demonstrated effectiveness of workplace and community efforts to control overweight and obesity may serve to encourage employers to provide required programs of physical activity and exercise.
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